Introduction
============

Epidemiological data have shown an inverse relationship between regular physical activity (PA) and blood pressure (BP) ([@B01],[@B02]). Vigorous leisure time PA is recognized to reduce by 30% the risk of becoming hypertensive ([@B01],[@B02]). However, the linking agents of this association are not completely understood and may be due, in part, to common environmental and genetic factors.

Individually taken, PA and BP levels have been shown to be influenced by genetic as well as by environmental factors ([@B03]-[@B07]). The magnitude of genetic influences on these phenotypes varies. Previous review articles have shown that heritability (h^2^ - the fraction of the total phenotypic variance that is accounted for by genetic factors) for systolic (SBP) and diastolic BP (DBP) ranged from 14 to 68 and from 6 to 62%, respectively ([@B07]), while for PA, heritability ranged from 6 to 62% ([@B06]). The main explanations for this wide variation are differences in population structures in genetic and environmental terms, sample sizes, experimental designs, estimation techniques for h^2^, and phenotype assessment techniques ([@B06],[@B07]).

On the basis of these considerations, we hypothesized that the association between PA and BP may be due to common genetic influences, i.e., a pleiotropic effect, and/or to common environmental influences. If this association can be identified, it offers a potential target for more efficient and effective strategies for reducing cardiovascular risk and for detecting genes and environmental factors, as well as their possible interaction, related to these two phenotypes.

Family studies provide a suitable design to investigate genetic and environmental influences not only on the variation of individual traits, but also on their covariation ([@B08]). We were able to identify only one study ([@B04]) that addressed this question, and concluded that variability of DBP in adulthood was significantly correlated to subjectively reported physical exercise done in adolescence (genetic, r~g~ = -0.27 and environment, r~e~ = -0.18), but not with aerobic exercise intensity during the entire lifetime. However, the study reported in Ref. [@B04] was conducted with twins and included only males, which limited generalization of results ([@B09],[@B10]). Moreover, only adults over 40 years old were included, which might have weakened the results obtained, since it is known that heritability of many health-related phenotypes, such as BP, decreases with aging ([@B11]).

Therefore, the purpose of the present study was to estimate the genetic and environmental correlations of BP and PA phenotypes in nuclear families that consist of two generations: parents and offspring. We investigated SBP and DBP phenotypes, as well as total PA (TPA).

Material and Methods
====================

A volunteer sample of families was recruited from the 10-year-old students who participated in a larger study about growth, maturation, and motor development in Muzambinho ([@B12]). The study was approved by the Ethics Committee of Escola de Educação Física e Esporte, Universidade de São Paulo, and written informed consent was obtained from all of the participants. Data were collected between March 2008 and November 2009.

Muzambinho is a small town in the State of Minas Gerais, Brazil, with 19,925 inhabitants in 2007, 5650 of whom are between 5 and 19 years old ([@B13]). Its human developmental index is 0.801, and its economy is based on agriculture, livestock, and handicrafts ([@B14]).

A total of 210 families were invited to participate, and data were assessed in 138. The two-generation family ranged in size from 3 to 9 subjects, and most of them consisted of 3 (41%) or 4 (41%) members. In some families, mothers and especially fathers did not come for evaluation, and thus the final sample consisted of 82 fathers, 122 mothers, and 236 offspring (126 sons and 110 daughters). Offspring age ranged from 6 to 24 years and parents\' age ranged from 24 to 65 years. Missing values analysis was carried out using SYSTAT 13 (USA) within family structure and missing data distribution was carried out at random, which is essential for the analysis in the present study.

Weight (kg) and height (m) were measured with an electronic scale (Filizola, Brazil) following standard procedures and body mass index (BMI) was calculated \[weight (kg)/height (m)^2^\]. Adults were classified as normal if BMI was ≤24.9 kg/m^2^, as at risk of overweight if 25 ≤ BMI ≤ 29.9 kg/m^2^, and as overweight if BMI ≥30 kg/m^2^ ([@B15]). In children and adolescents, classification was based on CDC centile growth charts, employing BMI \<85th percentile as normal, BMI between the 85th and the 95th percentile for the age as overweight, and BMI \>95th percentile for the age as obese ([@B16]).

BP was measured according to current guidelines ([@B17]) with the auscultatory method and aneroid sphygmomanometers. Calibrations were carried out daily. In both adults and youths, phases I and V of the Korotkoff\'s sound were employed for determining SBP and DBP, respectively. Five different cuff sizes were available, and the most adequate was chosen according to the subject\'s arm circumference. BP measurements were made at the same time of day in all of the volunteers, between 7:00 and 9:00 pm, avoiding any possible influence of circadian BP variation. BP was measured at least twice, and the average value was calculated. Anti-hypertensive treatment was assessed. Classifications of BP followed the specific criteria for youth and adults ([@B18]).

PA was assessed with a specific and culturally meaningful structured direct interview. Family members were all interviewed by the same team member. Main questions regarded their usually commuting PA (how do they move from one place to another: walking, cycling, etc.), occupational PA (what do they do for work: domestic chores, rural tasks, deliveries, etc.), and leisure time PA (what do they do during leisure time: cycling, soccer, swimming, gym classes, ballet, physical play games, e.g., tag, hide and seek, hopscotch, skip rope, and others). In addition, children were asked about their PA at school (including physical education classes and class intervals). Weekly frequency and duration were assessed for each type of PA. Their product was calculated to generate the weekly volume for each type of PA (min/week), and a TPA volume was obtained by their unweighted sum.

Statistical analysis
--------------------

Descriptive analysis was done using SPSS. The independent *t*-test or Mann-Whitney test was used for comparisons between genders. PEDSTATS ([@B19]) was employed for pedigree checks. Phenotypes were adjusted for gender, age, gender x age, age^2^, gender x age^2^, and BP phenotypes were also adjusted to height or BMI and use of medication. These residuals were normalized and used to compute familial intrapair correlations for each trait as well as cross-traits using the S.A.G.E. 6.x software (Statistical Analysis for Genetic Epidemiology, Release 6.3, <http://darwin.cwru.edu/>, Case Western Reserve University, USA). Maximum likelihood estimates of heritability, genetic, and environmental correlations were computed using the SOLAR 4.0 software (Sequential Oligogenic Linkage Analysis Routines, <http://www.sfbr.org>, Southwest Foundation for Biomedical Research, USA). The heritability of a trait is the proportion of phenotypic variation (σ~p~^2^) that is accounted for by additive genetic effects (σ~g~^2^), and is given by h^2^ = (σ~g~^2^)/(σ~p~^2^). In nuclear family studies without any additional information, only maximal heritability can be estimated, which means the sum of shared genetic and family environmental factors. A bivariate extension of the univariate quantitative genetic procedure, based on the suggestions of Falconer ([@B20]) and extended by Almasy et al. ([@B21]), was used to partition the phenotypic relationships (r~p~) between two traits into estimate genetic (r~g~) and environmental (r~e~) correlations between SBP/DBP, SBP/TPA, and DBP/TPA given by r~p~ = r~g~√h^2^~1~√h^2^~2~ + r~e~√(1 - h^2^~1~)√(1 - h^2^~2~). The significance of h^2^ was determined using the likelihood ratio test by comparing the log-likelihood of a model where h^2^ was estimated against a model where h^2^ was fixed at zero. A P value ≤0.05 was considered to be statistically significant.

Results
=======

The characteristics of the family\'s members are described in [Table 1](#t01){ref-type="table"}. Based on the guidelines of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure ([@B18]), 24.4% of the parents, and 9.7% (N = 23) of the offspring had BP levels higher than normal (either borderline or high). Eleven subjects were receiving anti-hypertensive medications at the time of assessment. Considering a minimum of 150 min/week of PA for adults, and 300 min/week of PA for children ([@B22]), 95.3% of the parents and 91.5% of the offspring were classified as active ([Table 1](#t01){ref-type="table"}).

Table 1.Descriptive information (means ± SD and risk prevalence) about family members.Fathers (N = 82)Mothers (N = 122)Sons (N = 126)Daughters (N = 110)Age (years)40.2 ± 7.235.3 ± 5.5[\*](#TFN02t01){ref-type="table-fn"}11.2 ± 3.311.1 ± 2.8Weight (kg)74.5 ± 11.864.1 ± 11.8[\*](#TFN02t01){ref-type="table-fn"}39.1 ± 14.638.3 ± 11.8Height (cm)170 ± 7158 ± 6[\*](#TFN02t01){ref-type="table-fn"}144 ± 16141 ± 14BMI (kg/m^2^)25.7 ± 3.425.7 ± 4.618.3 ± 3.518.6 ± 3.8Systolic BP (mmHg)119 ± 14113 ± 17[\*](#TFN02t01){ref-type="table-fn"}96 ± 1396 ± 12Diastolic BP (mmHg)79 ± 1275 ± 12[\*](#TFN02t01){ref-type="table-fn"}59 ± 1061 ± 11TPA (min/week)1996 ± 9351994 ± 10621312 ± 961998 ± 695[\*](#TFN02t01){ref-type="table-fn"}BMI classification Normal (%)41.550.078.680.9 Risk of overweight (%)51.234.214.311.8 Overweight (%)7.315.87.17.3BP classification Normal (%)64.683.291.389.1 Borderline (%)18.34.22.45.5 High (%)17.112.66.35.5TPA classification Insufficiently active (%)4.94.48.78.4 Active (%)95.195.691.391.6[^1][^2]

Fathers were significantly older, heavier, taller, and had higher BP levels than mothers. However, both parents had similar TPA levels ([Table 1](#t01){ref-type="table"}). No differences in anthropometric data or BP were found between male and female youths, while sons had higher levels of TPA than daughters.

The correlations between pairs of family members are shown in [Table 2](#t02){ref-type="table"}. For SBP, values ranged from -0.11 to 0.36, and were significant for parent-offspring and siblings. For DBP, correlations ranged from 0.21 to 0.25, and were significant for parent-offspring, siblings, and father-mother. For TPA, correlations ranged from 0.12 to 0.39, and were significant for siblings and father-mother.

Table 2.Phenotypic correlations between different pairs of family members considering their clustering effects.SBP[a](#TFN03t02){ref-type="table-fn"}DBP[b](#TFN04t02){ref-type="table-fn"}TPA[c](#TFN05t02){ref-type="table-fn"}Father-mother-0.113 ± 0.124 (0.3740)0.241 ± 0.119[\*](#TFN02t01){ref-type="table-fn"} (0.0500)0.393 ± 0.001[\*](#TFN02t01){ref-type="table-fn"} (0.0006)Parent-offspring0.171 ± 0.058[\*](#TFN02t01){ref-type="table-fn"} (0.0039)0.251 ± 0.059[\*](#TFN02t01){ref-type="table-fn"} (0.0000)0.115 ± 0.069 (0.0991)Siblings0.355 ± 0.097[\*](#TFN02t01){ref-type="table-fn"} (0.0008)0.209 ± 0.101[\*](#TFN02t01){ref-type="table-fn"} (0.0457)0.335 ± 0.098[\*](#TFN02t01){ref-type="table-fn"} (0.0016)[^3][^4][^5][^6][^7]

The heritabilities of each phenotype are shown in [Table 3](#t03){ref-type="table"}. All were statistically significant and ranged from 0.24 (TPA) to 0.39 (DBP). Similar results were obtained even when excluding from the analysis all subjects with hypertensive medication.

Table 3.Maximal heritability (h^2^; estimate ± SE) of systolic blood pressure (SBP), diastolic blood pressure (DBP), and total physical activity (TPA).Phenotypeh^2^PCovariatesProportion of variance explained by covariatesSBP0.37 ± 0.10\<0.01Age, gender, gender x age^2^, height, drug0.48DBP0.39 ± 0.09\<0.01Age, gender, gender x age^2^, height, drug0.46TPA0.24 ± 0.09\<0.01Age, gender x age0.15

Genetic and environmental cross-trait correlations between SBP, DBP, and TPA are shown in [Table 4](#t04){ref-type="table"}. Genetic cross-trait correlations were significant only between SBP and DBP, while environmental correlations were significant between SBP and DBP and presented a strong tendency to significance between DBP and TPA (P = 0.057).

Table 4.Genetic and environmental correlations (estimate ± SE) obtained between systolic blood pressure (SBP), diastolic blood pressure (DBP) and total physical activity (TPA).Genetic correlationsEnvironmental correlationsSBPDBPTPASBPDBPTPASBP\--DBP0.67 ± 0.12[\*](#TFN02t01){ref-type="table-fn"}-0.48 ± 0.08[\*](#TFN02t01){ref-type="table-fn"}-TPA-0.08 ± 0.240.05 ± 0.23\--0.04 ± 0.10-0.18 ± 0.09[+](#TFN02t04){ref-type="table-fn"}-[^8][^9]

Discussion
==========

The main findings of the present study were that: a) low, but significant genetic factors explained the variation of SBP and DBP, as well as TPA; b) SBP and DBP cross-trait genetic and environmental influences were significant; c) no such influences were evident for SBP and TPA, while a strong tendency (P = 0.057) to a significant cross-trait environmental correlation was observed between DBP and TPA.

The prevalence of high BP levels calculated in the present population based on international criteria ([@B18]) (24% in adults and 10% in youths) was similar to that reported in previous studies ([@B23]-[@B25]). In contrast, reported PA levels classified 95% of the adults and 91% of the youths as active, a higher rate than previously reported ([@B26]-[@B28]). Such a high level of PA might be explained by sociocultural aspects, since in Muzambinho, occupational PA (mainly rural tasks for men and domestic chores for women) was reported by 89% of the adults, and leisure time PA, mainly street games was performed by 92% of the youths.

Moderate prevalence of high BP simultaneously with a high level of PA might seem odd, since an inverse relationship is expected between these factors ([@B01],[@B02]). However, this relationship may be influenced by physical fitness. Franks et al. ([@B29]) observed that PA was not inversely associated with metabolic factors when subjects had high cardiovascular fitness. Other factors, such as nutrition, might be more important in these cases.

Genetic factors explained 37 and 39% of SBP and DBP variation in the Muzambinho population. Similar values were reported in Chinese ([@B30]) and Brazilian ([@B05]) samples. Furthermore, genetic factors explained 24% of the variance in TPA, which is within the range of reported values for different PA phenotypes ([@B06]). However, the present heritability estimates differed from those obtained in the Baependi Heart Study ([@B31],[@B32]) that investigated another city from the same Brazilian state (26% for SBP and DBP, and 11 to 35% for distinct PA indexes). Differences in study design (nuclear families *vs* extended families), sample characteristics (children and adults *vs* only adults), covariates used and ways to map PA may explain the differences.

The heritability indexes evaluated in the present study represent the upper-limit heritabilities ([@B10]). Nuclear families share not only genes but also a common environment, and without additional information, the heritability calculated for these families represents the sum of these influences. In this study, common environment should have had an important influence because correlations between father and mother were significant for DBP and TPA. Thus, the heritability index calculated probably overestimated the true genetic influence.

The main aim of this study was to analyze the cross-trait genetic and environmental correlations. As expected ([@B03]), these correlations were significant between SBP and DBP, which shows that these traits share common genes and environmental conditions. Nevertheless, the main novelty of the study was the analysis of genetic and environmental co-influences on BP and TPA. This analysis showed no pleiotropy between these traits (r~g~ = -0.08 and r~g~ = 0.05 SBP/TPA and DBP/TPA, respectively), which implies that they were under different genetic influences. In contrast, a tendency to a significant cross-trait environmental correlation was observed between DBP and TPA (r~e~ = -0.18, P = 0.057), strongly suggesting that these traits may share common environmental influences that had opposite effects on these phenotypes, increasing TPA and decreasing BP or vice versa.

The failure to detect a clear cross-trait correlation between TPA and DBP might be explained by the large age range of the offspring combined with the fact that familial resemblance for BP varies with age and may peak around age 30, decreasing in younger family members ([@B33],[@B34]). Most of the offspring in the present study (64%) were 8 to 12 years old. Thus, the observation of a tendency at this age may really represent an important influence.

The absence of pleiotropy between PA and BP is opposite to findings reported by Hernelahti et al. ([@B04]). However, in that study, correlation was observed between reported PA at adolescence and DBP measured at 40 years of age, and the estimated r~g~ was low, r = 0.27. In addition, similar to the present results, these authors did not observe any pleiotropic effect when other phenotype of PA was analyzed. Taken together, these results may suggest that common genetic influences on BP and PA may be linked to some chronological life-course events, namely different PA modalities, intensities, duration, and their associations with susceptibility genes that may evidence the presence of incomplete pleiotropy.

The present finding that TPA and DBP may be influenced by common environmental factors has important clinical implications since it gives scientific support to the search for environmental interventions that simultaneously increase PA levels and decreases BP, preventing hypertension. Nutritional factors may be a strong candidate for this influence since unhealthy nutrition is associated with higher BP levels ([@B35]) and lower PA ([@B36],[@B37]). In addition, a healthy diet has resulted in lower BP levels and higher PA levels ([@B38]).

Environmental cross-trait correlation was suggested between PA and DBP but not SBP. Exercise hypotensive effect is primarily related to an increase in vasodilatory capacity ([@B39]) that may result in a decrease in DBP and may also facilitate muscle metabolism, improving performance.

It may be argued that the sample size of the present study was not big enough to detect the pleiotropic effect. However, it was similar to previous reports ([@B40]), and represented 2.2% of the Muzambinho\'s population. Although antihypertensive use might be a confounding factor, only 11 parents were receiving these agents, and an analysis without them revealed similar results. Another caveat is the way PA was assessed. Since no previous knowledge of PA patterns of this population was available, a structured open interview was required. However, interviews are open to some degree of inaccuracy but were usually employed in previous studies ([@B04]). Finally, the Muzambinho population studied here was very active, which might limit extrapolation of the results to other samples. However, many small cities in Brazil preserve the old PA habits and deserve to be investigated. In this context, the present study highlighted an important issue by showing that even in these very active samples, cardiovascular risk is high, and some environmental factors may influence both PA and DBP.

In conclusion, SBP, DBP, and TPA were under significant genetic influences. SBP and DBP shared part of the genetic and environmental influences, while no pleiotropy was evident between BP and TPA. However, environmental influences on DBP and TPA may be similar.
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[^1]: BMI = body mass index; BP = blood pressure; TPA = total physical activity.

[^2]: P \< 0.05 compared to males of the same generation (Student *t*-test).

[^3]: Data are reported as estimate ± SE with P values in parentheses. SBP = systolic blood pressure; DBP = diastolic blood pressure; TPA = total physical activity.

[^4]: P \< 0.05.

[^5]: Previously adjusted for significant influence of age, gender, gender x age^2^, height, and drug.

[^6]: Previously adjusted for significant influence of age, gender, gender x age^2^, height, and drug.

[^7]: Previously adjusted for significant influence of age, and gender x age.

[^8]: P \< 0.05,

[^9]: P = 0.057.
